Abstract. Reinforced concrete (RC) buildings represent the dominant type of construction in
INTRODUCTION
In order to reduce the calculation efforts, many researchers have attempted to use simplified assumptions in seismic vulnerability studies [28] . Indeed, it has been widely observed in literature [55, 31] that default nonlinear properties values (e.g. a default value of concrete strength, or steel strength, or an estimate of transverse reinforcement spacing...etc.), provided in existing guidelines/codes and implemented in commonly used structural programs, are assigned to represent mechanical, geometric configuration, and dimension characteristics. Usually, this is due either to lack of information, especially, for the case of older structures where design documents are generally not available, or to expedience.
Moreover, fragility curves of buildings located anywhere in the world have been generated using, for instance, HAZUS capacity curves derived for buildings in the US [36, 60] . This is particularly common when studies are conducted for large portions of the building stock and resources for direct survey and data acquisition are modest. Typically, differences in construction techniques and detailing between different countries are significant, even when buildings are nominally designed to the same code clauses. Furthermore, regarding the numerical modelling extensive literature review has shown that often vulnerability functions for infilled RC buildings are generated from analysis of bare frames structures [26, 32] . As a consequence, such assumptions and simplifications may highly decrease the reliability and accuracy of the obtained results due to the increase of epistemic uncertainty in modelling.
Apart from Liel et al (2008) very few studies have consistently analyzed the effect of the variability of several structural characteristics or of the simplified modelling assumptions on the generated fragility curves, with the scope of estimating the level of uncertainties that should be taken into account. In general practice, the aleatoric uncertainties associated to the structural characteristics-related parameters are accounted for by considering the probabilistic variability in their values [6, 8, 27, 29, 47, 50, 53, 54, 59] . In some others vulnerability studies [12, 13, 14, 33 ] the effect of dispersion in structural characteristics-related parameters were accounted for by survey of a large number of existing buildings and definition of a median and standard deviation of the sample of buildings, after calculation of the capacity and damage threshold for each building in the sample. This paper presents the result of investigation on the sensitivity of fragility functions to variation in structural characteristics-related parameters' values and to numerical modelling completeness. The classes of structures considered are low-ductility RC buildings designed according to earlier seismic codes, and which are in general characterized by poor quality of materials, workmanship and detailing. To best identify the expected mean and range for the various parameter analysed a real frame in Turkey, is the reference prototype, however the methodology and results obtained are applicable to other typologies and locations, once the basic data is available. The sensitivity study is based on 3D nonlinear adaptive pushover analysis. The observations of the influence of variability of the selected parameters are conducted in terms of deformation capacity, considering different damage thresholds. The effect of model completeness is investigated by performing a comparative analysis of fragility curves derived with and without considering the contribution of masonry infill panels.
ADOPTED PROCEDURE

Selected capacity-related parameters
With regards to the effort by Liel and Deierlein [35] , which has been also considered in the ATC-63 [3] , the sensitivity study was conducted by considering height and framing system as variable parameters. In the present study, the investigated structural characteristics-related parameters are those associated to mechanical characteristics, dimension characteristics, and geometrical characteristics, as shown by Table 1 . The mechanical characteristics parameters that have been considered are: compressive strength of concrete, yield strength of reinforcement, and strength of infill walls (in terms of compressive strength and thickness). Floor-tofloor story height was selected as dimensional parameter. In terms of geometrical characteristics, the examined associated parameter is transverse reinforcement spacing. The completeness of model is also taken into account by considering the effect of the contribution of infill walls. The structural characteristics-related parameters that have been considered are those associated to mechanical properties, geometric configuration, and structural details: compressive strength of concrete, yield strength of reinforcement, strength of infill walls (in terms of compressive strength and thickness), story height, and transverse reinforcement spacing. The reason for the choice of these parameters is to fill the gap regarding the availability of details on their effects with regard to the expected uncertainties that might result in deriving fragility functions. The choice of expected mean and range for each parameter, as shown in Table 1 , is based on the results of structural characteristics assessment [7, 9] , post-earthquakes surveys [18, 19, 21] , on the requirement from different versions of earlier seismic codes, e.g. TS500 [58] , and other references [22, 25, 30] . 
Selected analysis type and numerical modelling
The accuracy of any selected procedure for the sensitivity analyses might depends on the type of the selected analysis approach, and the adopted mathematical model that must be consistent with the chosen numerical procedure. Different approaches, varying from nonlinear static to nonlinear dynamic analyses, might be used to conduct a sensitivity study, and estimate the performance of the structure. The sensitivity analyses conducted by Liel and Deierlein [35] were based on the implementation of Incremental Dynamic Analysis [61] , using 2-D bare frame structures as numerical model.
Analysis type
In the present study, the sensitivity analyses have been based on the implementation of Adaptive Pushover Analysis, using 3-D bare frames and infilled frames structures as numerical models. One of the advantages in using this type of analysis is its relative simplicity in evaluating the response of inelastic structures, and can provide reasonable estimates of vulnerability functions and fragility curves. Furthermore, when using this type of analysis the variation in the structural stiffness at different deformation levels, and consequently the system degradation can be better accounted for [44] . 
Numerical modelling
A reinforced concrete member can be modeled with three constitutive material models: unconfined concrete (corresponding to the cover), confined concrete (corresponding to the core concrete) and reinforcing steel. Fiber-based structural modelling, which allows to discretize the cross section of the member to account for the different behaviour of cover and core concrete and steel, was adopted to model reinforced concrete members. By modelling separately the three constitutive material and their distribution over the cross-section the progression of nonlinear phenomena in the concrete member are more accurately simulated and hence one can capture more accurately response effects on such elements. For infill panels, the buildings were modeled considering 50% of masonry infills [46] . Diagonal strut model, which has been the most frequently used by researchers and adopted in many documents and guidelines [1, 10, 40, 43] , was implemented in this study ( Figure 1 ). Each infill panel is simulated with a pair of compression struts. The equivalent strut "a" is computed using the formula based on the work of Mainstone and Weeks [39] and Mainstone [38] :
Global threshold damage states
With regard to the global threshold damage states, three global limit states: Slight Damage, Moderate Damage, and Near Collapse have been estimated from the analysis as a progression of local damage through several structural and non-structural elements. This is done by calculating for each element geometry and material characteristics, the ultimate concrete compressive strain [48] , considering also the limit of curvature corresponding to the condition of yielding curvature and ultimate curvature, as indicated in Eurocode-8 [20] and FEMA-356 [2] . 
Selected models
Forty-two 3-D models, infilled frames and bare frames structures, were analyzed as shown in Table 2 . For the considered structural characteristics-related parameters, the values were changed slightly representing the range the most probable for the case of existing low-ductility buildings constructed with respect to earlier seismic codes. The influence of these variations in the parameters' values has been observed in terms of deformation capacity for different damage conditions, obtained from adaptive pushover analysis. The response of each frame in terms of capacity curve is shown in Figure 2 . Figure 3 shows the influence of the variation in the structural characteristics-related parameters' values on the structure response, for different damage condition in terms of roof drift. Table 3 summarizes the level of sensitivity of the response to the change for each parameter in terms of Coefficient of Variation (CV), defined as ratio of standard deviation by mean value, and the percentage of difference (Diff) in deformation capacity for different damage condition.
EFFECT OF STRUCTURAL CHARACTERISTICS-RELATED PARAMETERS
The result of sensitivity analysis has shown that structural characteristics-related parameters are found to have a significant effect on the structural response, for different damage condition. Indeed, at the highest level of damage a remarkable variation (CV reaches a value up to 38%) in terms of deformation capacity (roof drift) has been observed even for a modest variation (CV = 12.7%) in compressive strength of concrete, as seen in Figure 3a (see Table  3 ); however, no difference in structure response has been found at the lowest level of damage, i.e. Slight Damage.
For tensile strength of steel, the effect has been found to be pretty different comparing to the compressive strength (Figure 3b ). The effect is almost insignificant. For a CV= 16.1% of tensile strength, the CV in deformation capacity increase very slight-ly from Slight Damage to Moderate Damage and attained a value of only 9.2%, and then decrease to 7% at near collapse. Table 3 : Effect of the variation in the structural characteristics-related parameters' values on the structure response
In terms of ductility, the transverse reinforcement spacing was accounted for by adopting a certain range of values that are with respect to the result of structural characteristics assessment in existing buildings [19, 28] . Ac-cording to the result of sensitivity analysis, the structural response has been found to be moderately affected to the full range of variation in transversal reinforcement spacing (s=150 to 250mm), as shown in Figure 3c . For a variation of spacing CV = 19.76%, the CV in structural response attained a value of 18% and 10.6% for Moderate damage and near collapse, respectively. At Slight Damage level, no difference was observed in the structural response.
Floor-to-floor story height also shows a moderate effect on the seismic performance of the structure (see Figure 3d ). The full range of variation CV = 12.4% leads to a remarkable difference in the de-formation capacity at different damage condition (CV in deformation capacity reaches value from 10.6 to 19.2%).
The effect of variation in the characteristics of in-fill walls was examined in terms of compressive strength and the thickness of infill walls. The sensitivity analysis was conducted for values range from 13cm to 19cm for thickness and 1.0MPa to 1.5MPa for compressive strength and of masonry infill walls, as shown in Figures 3e and 3f , respectively. According to the result of analyses, the two parameters have shown significance effect on the structure performance, at Slight to Moderate Damage condition. For the full range of variation of the thickness of infill walls, 18.75%, the structure response has been found to be CV=31.5% at Slight Damage and decrease to 19.85% at Moderate Damage. For CV=20% in the compressive strength of infill walls, the variation in structure response has been found to be CV=44.3% at Slight Damage and decrease to 33.2% at Moderate Damage. Both parameters show a significantly reduced effect on the structural response at Near Collapse. The variation in structure response has been found to be CV=16.65% for the full range of variation of compressive strength and 14.9% for the full range of variation of thickness of infills. This can be explained by the fact that the damage in infills in general occur at the early stage comparing to the RC members (see Figure 2 , softening branch of the curve); hence, the infills will start to have less effect with the increase of damage.
Taking into consideration the class of buildings used in the analyses (which is low-ductility buildings characterized by poor quality of materials, workmanship and detailing), the different results shown above clearly reveal the significant effect that structural characteristics-related parameters variation might have on estimating structural response. It is to note that in the literature there have been some re-searchers who believe that the uncertainty in structural characteristics-related parameter such as mechanical properties, for instance, might be considered as not important as much as the uncertainty in the seismic record [45] .
Aiming to investigate the effect of numerical model completeness, a comparative analysis is performed between the two types of modelling frames systems, infilled frame with bare frame systems (Figure 4 ). For the same structural characteristics configuration, the infilled frame and bare frame models lead to a remarkable difference in estimating/capturing the response of the building (bias in deformation capacity), as shown in the Figure 4 , and in Table 4 . By considering the entire structural characteristics con-figuration, the computed mean value of deformation capacities from bare frame models has been found to be 6 times greater than the one calculated from in-filled frame models, at Slight Damage level. At the Moderate Damage level, the difference in the structural response between infilled frame and bare frame structures is also observed. The resulted mean value from bare frame models is found to be 2.2 times greater than the value from infilled frame models. For Near Collapse, this factor, in terms of mean value, is estimated to have a value of 1.8. Table 4 : Sensitivity of structural response to the contribution of masonry infill panels.
Regarding the above outcomes (i.e. the observed differences in deformation capacity between infilled frame and bare frame systems), it is worth to mention that modelling of infill is also associated to many other complex parameters that can be a source of significant uncertainty, such as, reduced strut width, strain at maximum stress, ultimate strain [41] . These parameters are in general calibrated directly from experiment. On the other hand, it should be recalled that in this study the masonry infills were modeled using equivalent diagonal strut model which is belonging to the macro model approach. In general, models from this approach are considered as simple, involving relatively modest calculations effort and computing time. However, there also numerous models which have been proposed in the literature and which are classified as belonging to the micro model approach. Models from this later approach are based on a finite element representation [24, 51, 52] .
In order to derive fragility curves, the transformation of adaptive pushovers curves, defined in terms of base shear vs. top displacement, into capacity curves, defined in terms of pseudo spectral acceleration vs. spectral displacement, was carried out using the standard approach documented in many codes of practice, e.g. ATC-40 [4] ; HAZUS-MH MR3 [23] . Fragility curves have been derived by selecting thirteen (13) infilled frame models, and thirteen (13) bare frame models (see Figure 4 for the selected models). Assuming a lognormal distribution (common assumption in seismic studies), fragility curves are defined as the conditional probability of being in or exceeding, a particular damage state ds i , given the spectral displacement, S d :
where, ܵ ௗǡௗ௦ is the median value of spectral displacement at which the building reaches the threshold of damage state ‫ݏ݀‬ ; ߚ
ௗ௦
is the standard deviation of the natural logarithm of spectral displacement for damage state ‫ݏ݀‬ ; ߔ is the standard normal cumulative distribution function.
Using the aforementioned procedure, Figure 5 shows the fragility curves that have been derived for each system, i.e., infilled frame and bare frame structures. Each fragility curve is defined by a median value of spectral displacement that corresponds to the threshold of that damage state, and by the variability (β) associated with that damage state. These two parameters are estimated using the First-Order Second-Moment (FOSM) method. Detailed information about the models can be found in D'Ayala and Meslem [63] . It is evident form Figure 5 the role played by the inclusion or exclusion of the masonry infill in the modelling. The exclusion of infills' contribution leads to a significant bias in fragility curves. The median capacity varies by a factor of 5.8, 2. is modeled as bare frame structure, the resulted fragility curves show greater lateral displacement capacity for all damage levels; whereas, the building is found to be more vulnerable when the infilled frame model is used. Indeed, the result of pushover analysis has shown (either for infilled frame or bare frame structures) that the first-storey mechanism was the most observed, and the presence of infills leads to the occurrence of this mechanism at earlier stage comparing to the case of bare frame structures. It should be noted that difficulties have been encountered to predict shear failure which is still not fully understood despite much experimental research and analysis. In fact, the shear column failure might have a significant effect on the structure performance, especially for infilled building designed without considering horizontal actions, or building with low concrete strength.
With regards to the dispersion, β, a simplification has been used in the literature in the expression of the uncertainty in the structure capacity. For instance, Kappos et al. [30] constructed fragility curves by adopting value of 0.3 and 0.25 for the uncertainty in the capacity for low and high code buildings, respectively, assuming that these values are for all damage states. These values have been suggested by FEMA-NIBS [23] . Throughout the study by Shahzada et al. [57] a same value of 0.3 was assigned for the uncertainty associated with the capacity curve of buildings for all damage states, as it is proposed in Wen et al. [62] . Satter and Liel [56] and Raghunandan et al. [49] have used a value of 0.5, which has been suggested based on previous research work by Liel et al. [34] , to account for uncertainty due to the structural modelling, for Collapse level only. However, the results of present study have clearly shown that the value of dispersion, β, is not the same for all damage states and that the trends from one state of damage to next not necessarily linear, and not systematic. For the case of building that has been investigated in this study, the value of β is found to be bigger at the Moderate Damage for the case of infilled frame model (β = 0.38), while for bare frame the biggest value is found to be at Near Collapse (β = 0.26). On the other hand, β is found to be smaller at the Slight Damage for the two modelling option (β = 0.18 for infilled frame, and 0.15 for bare frame model).
CONCLUSIONS
 This present study was devoted to examine the influence in modelling the building capacity-related parameters in aim to probe the issue of their associated uncertainty in predicting the seismic performance and derivation of fragility functions.
 It was clearly observed that special care should be given when assigning values to represent the structural details, especially, material characteristics-related values. Reinforced concrete strength-related variation values have shown a significant effect on the building capacity, and this effect increase with the progress of damage condition.
 The comparison of fragility curves between the two modelling types, infilled and bare frames, indicate a significant difference in predicting the seismic performance of the building. Modelling building as bare frame structure lead to lowest risk of damage, however, the building is found to be more vulnerable if the infilled frame system is adopted.
 Trends in dispersion from one state of damage to next and from one modelling option to next might not necessarily be linear, and monotonic.
 For the masonry infills, the two parameters considered in the sensitivity analysis are compressive strength and thickness of infills. However, this element is also associated to many other complex parameters that can be a source of significant uncertainty, such as, reduced strut width, strain at maximum stress, ultimate strain. These parameters are in general calibrated directly from experiment.
 Difficulties that might be encountered to predict shear failure which is still not fully understood despite much experimental research and analysis.
 The sensitivity analyses was conducted for low-ductility RC buildings designed according to earlier seismic codes and which are, in general, characterized by poor quality of material. Hence, more investigation should be conducted for building with high compressive strength in aim to analyse the sensitivity of different capacity-related parameters on seismic performance prediction and derivation of vulnerability curves.
